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Abstract 

The present invention pertains to a method for preparation of self-immobilizing transition 
metal post-metallocene nickel olefin polymerization caialyst. The catalyst comprises a single 
component A or two components A and B with component A expressed as [Comp(M-ANO)], in 
which Comp is a coordination compound, M is a posi-iransiiion metal nickel catalyst and ANO 



is an olefin-substituted o-hydroxylimide nitrogen and oxygen bidentate ligand. Component B is 
cyclooctadiene nickel [Ni(C0D)2] or pentafluorophenyl borane [B(C6F5)3]. The present type of 
catalyst has a relatively high catalytic activity with regard tp ethylene polymerization, and most 
importantly, the present type of catalyst does not require any auxiliary catalyst. 

Claims 

1. A method for preparation of self-immobilizing post-metallocene nickel olefin 
polymerization catalyst, characterized by the fact that the prepared catalyst comprises a single 
component A or two components A and B with component A expressed as [Comp(M-ANO)], in 
which Comp is a coordination compound, M is a post-transition metal nickel catalyst and ANO 
is an olefin-substituted salicylaldehyde [sic] imide nitrogen and oxygen bidentate ligand; 



the specific structures are as follows: 




in which Ri and R2 are any one of H, Me, 'Pr, *Bu, Ph, Pheh, Anth, Trityl, TPhen, OMe, and 
NO2; R3, R4 and R5 are any one of H, Me, 'Pr, and 'Bu; R = Ph, L = PPhs; n = 0, 1, 2, 3 or 4; 
component B is any one of cyclooctadiene nickel [Ni(C0D)2] or pentafluorophenyl borane 
[B(C6F5)3]; 

the process for the preparation of the catalyst is as follows: 

1) a. Preparation of substituted salicylaldehyde 
The structure of the above is: 

OH O 




H 



In an inert gas atmosphere, 0.05-0.1 mol substituted phenol, 0.005-0.01 mol tin 
tetrachloride catalyst and 0.02-0.04 mol organic amine, specifically triethylamine, tributylamine 
or piridine, are added to a reactor containing 100-200 mL toluene; after stirring for 20-30 min, 
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3.3-6.6 g of a polyaldehyde are added, heating is carried out at 100 ± 0.5*C for reflux for 8-12 h; 

the reaction mixture is acidified by 10% hydrochloric acid to pH = 1-2, extraction with ethyl 
. ether is carried out 3-5 times, followed by washing with 30 mL saturated aqueous table salt 

solution and then it is dried for 12 h over anhydrous sodium sulfate; rotary evaporation is then 
■ carried out to remove the solvent and a crude product is obtained; the crude product is separated 

and purified by steam distillation, recrystallization or silica gel chromatography to obtain an oily 

liquid or a solid powder with a yield of 51-87%, 

. b. Preparation of substituted salicylaldehyde 

0.09 mol salicylaldehyde is dissolved in 0.45 mol acetic acid, the temperature of the ice 
water bath is maintained below 5°C, 0.135 mol fuming sulfuric acid is added dropwise over 8 h; 
this is stirred overnight, the temperature is then increased slowly to 45 °C; after the reaction is 
carried out for 5 h, cooling and filtration are carried out and the filtrate is washed three times 
with ice water to obtain 1 0.6 g of a light-yellow mixture of 3-nitro-2-hydroxybenzaldehyde and 
5-nitro-2-hydroxybenzaldehyde with a yield of 95%; 6.6 g of the above mixture are added slowly 
to a mixed solution of 3.86 mL concentrated sulfuric acid that has been cooled in an ice and 
calcium chloride bath and 7.72 mL fuming sulfuric acid, reaction is carried out for 30 min until 
the light-yellow powder is completely dissolved, and a reddish brown viscous reaction product is 
obtained, which is poured onto a block of ice to precipitate a large amount of lemon-yellow 
solids, then filtration is carried out followed by recrystallization from benzene to obtain 7.7 g of 
pure product 3,5-dinitro-2-hydroxybenzaldehyde with a yield of 86%; 

2) Preparation of ethylene-substituted aromatic amine 
The structure of the above is: 

NH2 

In the absence of oxygen and water, 51-74 mmol methyltriphenylphosphorus bromide 
and 51-78 mmol n-butyllithium are added to 50-70 mL of dry tetrahydrofuran, cooled with ice 
water, as the solvent, to carry out a reaction for 30-60 min. 50-74 mmol of a nitro aromatic 
aldehyde are then added to carry out a reaction for 1 2-1 8 h, the resulting mixture is washed with 
an aqueous salt solution, extracted with chloroform, dried over anhydrous sodium sulfate and 
then concentrated under vacuum; the remaining solution is purified by silica gel 
chromatography, the eluent is toluene:ethane [sic; possibly, ethanol] 1 :1, a nitro aromatic 
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ethylene is obtained with a yield of 72-89%, a reduction reaction is then carried out using the ion 
[sic; iron] - acetic acid - ethyl alcohol system to obtain an olefin, aromatic amine with a yield of • 
56-60%, . • , 

3) Preparation of allyl aromatic amine . • 

The structure of the above is: 




0.1-0.2 mol aromatic amine and 0.05-0.1 mol alkenyl chloride or alkenyl bromide are 
heated to carry out a reflux reaction for 8-1 0 h, left standing to cool overnight, and then poured 
into 200-400 mL water, the solution is alkalized with a sodium hydroxide solution, extracted 
with chloroform, the pressure is reduced to a vacuum followed by distillation to obtain a N-olefin 
aniline with a yield of 30-84%; 0.05-0.2 mol N-olefin aromatic amine and 0.05-0.2 mol 
anhydrous zinc chloride are added to 50-200 mL toluene as the solvent, and reflux is carried out 
in an argon atmosphere for 5-8 h. After cooling, the solution is poured into a sodium hydroxide 
solution to alkalize it, the organic layer is separated, the insoluble substances at the bottom are 
dissolved in hot concentrated hydrochloric acid and then poured into the above ethyl ether 
extraction solution, dried over anhydrous magnesium sulfate, the pressure is reduced and it is 
concentrated under vacuum followed by distillation to obtain a 4-allyl aromatic amine with a 
yield of 25-71%, 



4) Preparation of o-hydroxylimide nitrogen and oxygen bidentate ligand containing an olefin 
group 

The structure of the above is: 




In an inert gas atmosphere; using 10-30 mL methyl alcohol or ethyl alcohol as the solvent 
and 1 drop of 2 mL formic acid as the catalyst, a reaction is carried out between 2 mmol 
substituted salicylaldehyde and 2. 1 mol olefin aromatic amine is carried out at room temperature 
for 8-72 h, the mixture from the reaction is cooled, filtered, washed with cold methyl alcohol or 
ethyl alcohol, and dried under vacuum to obtain a yellow o-hydroxylimide nitrogen and oxygen 
bidentate ligand with a yield of 70-90%; 

5) Preparation of catalyst component A 

In the absence of oxygen and water, 1 .5 mmol o-hydroxylimide nitrogen ahd oxygen 
bidentate ligand are dissolved in 50 mL teirahydrofuran, the solution is added to 5 .0 mmol . 
sodium hydride to cart}' out a reaction for 4-8 h; filtration is then carried out and the solvent is 
removed under vacuum to obtain a ligand sodium sah; the above sodium salt is then dissolved in 
a benzene solution, gradually added dropwise to a benzene solution in which 1 .44 mmol trans- 
[Ni(Ph)Cl(PPh3)2] are dissolved to carry out a reaction for 12 h, and then filtration is carried out, 
followed by concentration under vacuum to remove the solvent, washing twice with n-ethane, 
and drying under vacuum to obtain a powdery catalyst solid with a yield of 74-87%; 

6) Ethylene polymerization 

In the absence of oxygen and water, using 120 mL toluene or n-ethane as a solvent, 
10-65 nmol catalyst and, optionally, an auxiliary catalyst, [Ni(C0D)2] or [B(C6H5)3] [sic; 
[B(C6F5)3]] of twice the amount, are added to a 500-mL glass reactor; after the gas. is purged 
three times, a polymerization reaction is carried out at room temperature and 2-7 atm of ethylene 
pressure for 50 min to 1 .5 h while stirring; a methyl alcohol solution containing 1 0% 
hydrochloric acid is used to terminate the reaction, the obtained polymer is filtered, washed' with 
methyl alcohol three times, and then it is dried under vacuum at 40°C for 24 h to obtain the 
product. The catalyst activity is 1 0' g PE/(mol»Ni'h) [sic; (mol Ni'h)]. 

2. A method for preparation of self-immobilizing post-metallocene nickel olefin 
polymerization catalyst in accordance with Claim 1 , characterized by the fact that in the above 
catalyst system, Ri and R2 are H, Me, 'Pr, 'Bu, Ph, Phen, or NO2. 

Description 

The present invention pertains to a method for preparation of self-immobilizing post- 
metallocene nickel olefin polymerization catalyst. 

As one of the most important polymer materials, the availability of polyolefins has 
greatly improved the living conditions and environment for human beings. Olefins form 
polymers under the effect of a catalyst, and by changing the structure of the catalyst, it is 
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possible to obtain a polyolefin product with a specific molecular structure and specific 
properties. For this reason, the catalyst has become the core of the original drive toward constant 
improvement and advancement in upgrading polyolefins. Starting fi-om the end of the last 
century, post-metallocene post-transition metal catalysts have become the new generation olefin 
polymerization catalysts with high activity following in the steps of Ziegler-Natta catalysts and 
metallocene catalysts. They have become the focus of studies on new types of olefin 
polymerization catalysts all over the world. A post-transition metal catalyst is an organometallic 
compound of post-transition metals such as nickel, palladium, iron, cobalt and the like. This type 
of catalyst not only has high activity, is inexpensive and easily obtainable, and is capable of 
serving in ethylene or a-olefin polymerization as a catalyst to obtain polymers of high molecular 
weight, but it can also be used as a catalyst in the copolymerization of polar monomers and 
olefin, which is a characteristic not displayed by the previous two generations of catalysts. A 
large amount of funding has been invested in its research and development in many countries in 
Europe and the U.S., for example by companies like DuPont and B. P. Chemistry. 

Not long ago, the Grubbs study group from the U.S. (Science, 2000, 287, 460-462; 
Organometallics, 1 998, 17,31 49-3 151) reported a new type of neutral nickel olefin 
polymerization catalyst of a single component which not only displayed a high activity but also 
could produce polyethylene of high molecular weight. It also exhibited an extraordinarily strong 
tolerance of impurity atoms such as oxygen, nitrogen and sulfur, and could carry out 
copolymerization with polar monomers. The most remarkable fact is that this type of 
post-transition metal olefin polymerization catalyst does not require an auxiliary catalyst such as 
MAO, Ni(C0D)2 or the like. As a result, the requirement for monomer purity of the starting raw 
material is greatly reduced, which is more convenient for production on an industrial level. At 
the same time, this pioneering work conveniently opens the door for the polymerization of 
olefins containing a polar functional group and for the production of polymers with special 
properties such as biodegradability, surface modification and the like. The self-immobilization 
function of this type of catalyst has not yet been reported. In order to realize the controllable 
polymerization of this type of catalyst, to improve the catalytic activity, to obtain polymers of 
ideal molecular weight and degrees of branching and to adapt to production equipment on an 
industrial scale, the self-immobilization function is significant. 

The objective of the present invention is to provide a method for the preparation of a self- 
immobilizing post-metallocene olefin polymerization catalyst. The above method uses aromatic 
amines containing an olefin substitute group to react with substituted salicylaldehyde to form an 
organic nitrogen and oxygen bidentate ligand. This is followed by a reaction with the alkyl 
compound of nickel to form a self-immobilizing posi-meiallocene post-transition metal olefin 
polymerization catalyst containing an olefin group. 
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When the self-immobilizing post-metallocene post-transition metal olefin polymerization 
catalyst is used in the olefin polymerization process, copolymerization occurs between the olefin 
and the olefin radical on the catalyst to the effect that the catalyst is immobilized on the 
polyolefm bond and, in this way, the catalytic effect of the active site can be utilized to the 
maximum degree. Polymerization tests indicate that the catalyst has a relatively high activity 
with regard to olefin polymerization that can be as high as several times to scores of times that of . 
self-immobilizing catalysts of similar types. 

The catalyst prepared in accordance with the present invention comprises a single 
component A or two components A and B, with component A expressed as [Comip(M-ANO)], in 
which Comp is a coordination compound, M is a post-transition metal nickel catalyst and ANO • 
is an olefin-substituted salicylaldehyde imide nitrogen and oxygen bidentate ligand. The specific 
structures are as follows: 




in which Ri and R2 are any one of H, Me, 'Pr, *Bu, Ph, Phen, Anth, Trityl, TPhen, OMe, and 
NO2; R3, R4 and R5 are any one of H, Me, 'Pr, and 'Bu; R = Ph, L = PPhs; n = 0, 1 , 2, 3 or 4; 
component B is any one of cyclooctadiene nickel [Ni(C0D)2] or pentafluorophenyl borane 

[B(C6F5)3]. 

The process for the preparation of the catalyst is as follows: 

1) a. Preparation of substituted salicylaldehyde 
The structure of the above is: 



OH O 




R2 

In an inert gas atmosphere, 0.05-0.1 mol substituted phenol. 0,005-0.01 mol tin 
tetrachloride catalyst and 0.02-0.04 mol organic amine, specifically iriethylamine, iributylamine 
or piridine, are added to a reactor containing 100-200 mL toluene; after stirring for 20-30 min, 
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3.3-6.6 g of a polyaldehyde are added, heating is carried out at 100 ± 0.5X for reflux for 8-12 h; 
the reaction mixture is acidified by 10% hydrochloric acid to pH = 1-2, extraction with ethyl 
ether is carried out 3-5 times, followed by washing with 30 mL saturated aqueous table salt 
solution andjhen it is dried for 12 h oyer anhydrous sodium sulfate; rotary evaporation is then" 
carried out to remove the solvent and a crude product is obtained; the crude product is separated 
and purified by steam distillation, recrystallization or silica gel chromatography to obtain an oily 
liquid or a solid powder with a yield of 5 1 -87%. 

, b. Preparation of substituted salicylaldehyde 

0.09 mol salicylaldehyde is dissolved in 0,45 mol acetic acid, the temperature of the ice 
water bath is maintained below 5°C, 0.135 mol fuming sulftiric acid is added drbpwise over.8 h; 
this is stirred overnight, the temperature is then increased slowly to 45°C. After the reaction is 
carried out for 5 h, cooling and filtration are carried out and the filtrate is washed three times 
v^th ice water to obtain 10.6 g of a light-yellow mixture of 3-nitro-2-hydroxybenzaldehyde and 
5-nitro-2-hydroxybenzaldehyde with a yield of 95%. 6.6 g of the above mixture are added slowly 
to a mixed solution of 3.86 mL concentrated sulfuric acid, that has been cooled in an ice and 
calcium chloride bath, and 7.72 mL fuming sulfuric acid, reaction is carried out for 30 min until 
the light-yellow powder is completely dissolved, and a reddish-brown viscous reaction product is 
obtained which is poured onto a block of ice to precipitate a large amount of lemon-yellow 
solids, then filtration is carried out, followed by recrystallization from benzene to obtain 7.7 g of 
pure product 3,5-dinitro-2-hydroxybenzaldehyde with a yield of 86%. 

2) Preparation of ethylene-substituted aromatic amine 
The structure of the above is: 




In the absence of oxygen and water, 51-74 mmol methyl triphenyl phosphorus bromide 
and 51-78 mmol n-butyl lithium are added to 50-70 mL of dr>' tetrahydrofuran, cooled with ice 
water, as the solvent, to carry out a reaction for 30-60 min. 50-74 mmol of a nitro aromatic 
aldehyde are then added to carry out a reaction for 12-1 8 h, the resulting mixture is washed with 
salt solution, extracted with chloroform, dried over anhydrous sodium sulfate and then 
concentrated under vacuum. The remaining solution is purified by silica gel chromatography, the 
eluent is toluenerethane 1 :1, and a nitro aromatic ethylene is obtained with a yield of 72-89%. A 



reduction reaction is then carried out using the ion - acetic acid - ethyl alcohol system to obtain 
an olefin aromatic amine with a yield of 56-60%. 

3) Preparation of allyl arornatic amine - 

The structure of the above is: 




0.1-0.2 mol aromatic amine and 0.05-0.1 mol alkenyl chloride or alkenyl bromide are 
heated to carry out a reflux reaction for 8-10 h, left standing to cool overnight, and then poured 
into 200-400 mL water. The solution is alkalized with a sodium hydroxide solution, extracted 
with chloroform, the pressure is reduced to a vacuum followed by distillation to obtain a N-olefin 
aniline with a yield of 30-84%; 0.05-0.2 mol N-olefin aromatic amine and 0.05-0.2 mol 
anhydrous zinc chloride are added to 50-200 mL toluene as the solvent, reflux is carried out in an 
argon atmosphere for 5-8 h, and after cooling, the solution is poured into a sodium hydroxide 
solution to alkalize it, the organic layer is separated, the insoluble substances at the bottom are 
dissolved in hot concentrated hydrochloric acid and then poured into the above ethyl ether 
extraction solution, dried over anhydrous magnesium sulfate, the pressure is reduced and it is 
concentrated under vacuum followed by distillation to obtain a 4-allyl aromatic amine with a 
yield of 25-71%. 

4) Preparation of o-hydroxylimide nitrogen and oxygen bidentate ligand containing an olefin 
group 



The structure of the above is: 




Rz Ra Ra 
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In an inert gas atmosphere, using 10-30 mL methyl alcohol or ethyl alcohol as the solvent 
and 1 drop of 2 mL formic acid as the catalyst, a reaction is carried out between 2 mmol 
substituted salicylaldehyde or substituted o-hydroxyphenyl aromatic methyl ketone and 2.1 mol 
olefin aromatic amine at a certain temperature for 8-72 h. the mixture from the reaction is cooled, 
filtered, washed with cold methyl alcohol or ethyl alcohol, dried under vacuum to obtain a 
yellow o-hydroxylimide nitrogen and oxygen bidentate ligand with a yield of 70-90%. 

5) Preparation of catalyst component A 

Ir^'the absence of oxygen and water, 1 .5 mmol o-hydroxylimide nitrogen and oxygen 
bidentate ligand are dissolved in 50 mL tetrahydrofuran, the solution is added to 5.0 mmol 
sodium hydride to carr>' out a reaction for 4-8 h. Filtration then is carried out and the solvent is 
removed under vacuum to obtain a ligand sodium salt; the above sodium salt is then dissolved in 
a benzene solution, gradually added dropwise to a benzene solution in which 1.44 mmol trans- 
[Ni(Ph)Cl(PPh3)2] are dissolved to carr>' out a reaction for 12 h, and then filtration is carried out, 
followed by concentration under vacuum to remove the solvent, washing twice with n-ethane, 
and drying under vacuum to obtain a powdery solid catalyst with a yield of 74-87% 

6) Ethylene polymerization 

In the absence of oxygen and water, using 1 20 mL toluene or n-ethane as a solvent, 
10-65 ^mol catalyst and, optionally, an auxiliary catalyst, [Ni(C0D)2] or [B(C6H5)3] at twice the 
amount, are added to a 500-mL glass reactor; after the gas is purged three times, a 
polymerization reaction is carried out at room temperature and 2-7 atm of ethylene pressure for 
50 min to 1.5 h while stirring; a methyl alcohol solution containing 10% hydrochloric acid is 
used to terminate the reaction, the obtained polymer is filtered, washed with methyl alcohol three 
times, and then it is dried under vacuum at 40°C for 24 h to obtain the product. The catalyst 
activity is 10^ g PE/(mol*Ni*h). 

The application examples provided by the present invention are as follows: 

Application Example 1 Preparation of the substituted salicylaldehyde 

In an argon atmosphere, 0.1 mol substituted 4-methoxyl-phenoL 0.01 mol tin 
tetrachloride and 0.04 mol triethylamine are added to a reactor containing 200 mL toluene. After 
stirring for 20 min, 6.6 g of a polyaldehyde are added, heating is carried out at 100 ± 0.5®C for 
reflux for 10 h; the reaction mixture is acidified by 1 0% hydrochloric acid to pH = 1 , extraction 
with ethyl ether is carried out 3 times, followed by washing with 30 mL saturated aqueous table 
salt solution and then ii is dried for 12 h over anhydrous sodium sulfate; rotary evaporation is 
then carried out to remove the solvent and a crude product is obtained: the crude product is 
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recrystallized from petroleum ether to obtain 7.8 g of 5-methoxy-2-salicylaldehyde. The yield is 
51%. . . 

Application Example 2 Preparation of the substituted salicylaldehyde 

In an argon atmosphere, 0.05 mol o-hydroxy phenol, 0.005 mol tin tetrachloride and 
0.02 mol 2,6-dimethyl piridine are added to a reactor containing 100 mL toluene. After stirring 
for 20 min,.3.3 g of polyaldehyde are added, heating is carried out at 100 ± 0.5''C for reflux for 
8 h; the reaction mixture is acidified by 10% hydrochloric acid to pH = 2, extraction with ethyl 
ether is carried out 5 times, followed by washing with 30 inL saturated aqueous table salt . 
solution and then it is dried for 12 h over anhydrous sodium sulfate: rotary evaporation is then . 
carried out to remove the solvent and a crude product is obtained; the crude product is purified 
by silica gel chromatography with the eluent being ethane:chloroform 1 :1 to obtain 6.3 g of 
3-phenyl-2-saiicylaldehyde as a light-yellow solid powder with a yield of 64%. . . 

Application Exainple 3 Preparation of the substituted salicylaldehyde* 

...0.178 mol iron powder, the mixed solution is refluxed for 1 h under the protection of argon, 
cooled to room temperature, poured into 350 mL water, neutralized by solid sodium carbonate to 
neutrality, the thick solution is extracted with ethy! ether, concentrated under vacuum, a small 
amount of p-biphenyl benzene is added to the remaining solution, the pressure is reduced and 
distillation is carried oyt to obtain 3.2 g of a colorless liquid, o-aminostyrene, with a yield of 
60.0%. 

Application Example 6 Preparation of ethylene aromatic amine 

The operation is the same as in Application Example 5, except the amount of the 
m-nitroaldehyde is 50 mmol and 2.1 7 g of m-aminostyrene are obtained with a yield of 41 .5%. 

Application Example 7 Preparation of ethylene aromatic amine 

The operation is the same as in Application Example 5, except the amount of the 
p-nitroaldehyde is 50 mmol and 3.02 g of p-aminostyrene are obtained with a yield of 50.7%. 

Application Example 8 Preparation of ethylene aromatic amine 

74 mmol methyltriphenylphosphorus bromide are dissolved in 70 mL dry tetrahydroftiran 
cooled by ice water in an argon atmosphere, and then 48.8 mL 1.6 M n-butyl lithium are added 



' [Translator's note: p.7 is omitted from the original document.] 
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to the resuhing product. 50 min, later 100 mL tetrahydrofuran solution, in which 74 mmol 
3-riitro-4-methylaldehyde are dissolved, are added and stirred to carry out a reaction for. 16 h, 
which is followed by washing with salt solution and extraction with chloroform. The extraction 
solution is dried over anhydrous sodium sulfate, concentrated under vacuum, the remaining 
solution is purified by silica gel chromatography, the eluent is toluenerethane 1:1 and 8.68 g of a 
yellow liquid, 3-nitro-4-methylstyrene, are obtained with a yield of 72.0%. 45 mmol of the 
obtained o-nitrostyrene are dissolved in a mixed solution of 50 mL glacial acetic acid and 50 mL 
anhydrous ethyl alcohol to which 0.178 mol iron powder is added. The mixed solution is 
refluxed for 1 h under the protection of argon, cooled to room temperature, poured into 350 mL 
water, neutralized by solid sodium carbonate to neutrality, then the thick solution is extracted 
with ethyl ether, concentrated under vacuum, and a small amount of p-biphenylbenzene is added 
to the remaining solution. The pressure is reduced and distillation is carried out to obtain 3.41 g 
of a colorless liquid, 3-amino-4-methylstyrene with a yield of 57%. 

Application Example 9 Preparation of ethylene aromatic amine 

60 mmol methyltriphenylphosphorus bromide are dissolved in 60 mL dry tetrahydrofuran 
cooled by ice water in an argon atmosphere, and then 37.5 mL 1 .6M n-butyllithium are added to 
the resulting product. 60 min later, 1 00 mL tetrahydrofuran solution, in which 60 mmol 
3-isopropyl-4-nitroaldehyde [transliteration] are dissolved, are added and stirred to carry out a 
reaction for 18 h, which is followed by washing with salt solution, extraction with chloroform, 
the extraction solution is dried over anhydrous sodium sulfate, concentrated under vacuum, the 
remaining solution is purified by silica gel chromatography, the eluent is toluene:ethane 1:1, and 
9.1 1 g of a yellow liquid, 3-isopropyl 4-nitrostyrene, are obtained with a yield of 79.5%. 
45 mmol of the obtained o-nitrostyrene are dissolved in a mixed solution of 50 mL glacial acetic 
acid and 50 mL anhydrous ethyl alcohol to which 0.1 78 mol iron powder is added, the mixed 
solution is refluxed for 1 h under the protection of argon, cooled to room temperature, poured 
into 350 mL water, neutralized by solid sodium carbonate to neutrality, the thick solution is 
extracted with ethyl ether, concentrated under vacuum, a small amount of p-biphenyl benzene is 
added to the remaining solution, the pressure is reduced and distillation is carried out to obtain 
4.06 g of a colorless liquid, 3-isopropyl-4-aminostyrene with a yield of 56.0%. 

Application Example 10 Preparation of allyl aromatic amine 

0.2 mol 2,6-diisopropylaniline and 0.1 mol allyl hydrocarbon [sic] chloride are heated to 
carry out reaction at reflux for 8 h, left standing to cool overnight, and then poured into 400 mL 
water, the solution is alkalized with a sodium hydroxide solution, extracted with chloroform, the 
pressure is reduced to a vacuum followed by distillation to obtain 1 8.33 g N-allyl hydrocarbon- 
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2,6-diisopropylaniline with a yield of 84%. 100 mL toluene are used as the solvent, 0.084 mol 
N-allyl hydrocarbon-2,6-diisopropylaniline and 0.1 mol anhydrous zinc chloride are added and .. 
reflux is carried out iri an argon atmosphere for 5 h. After tooling, the solution is poured into a 
sodium hydroxide solution to alkalize it, the organic layer is separated, the insoluble substances 
at the bottom are dissolved in hot concentrated hydrochloric acid and then poured into the above 
ethyl ether extraction solution, dried with anhydrous magnesium sulfate, and the pressure is 
reduced and it is concentrated under vacuum followed by distillation to obtain 1 2.92 g 4-allyl 
hydrocarbon-2,6-diisopropylaniline with a yield of 71%. • 

Application Example 1 1 Preparation of ally! aromatic amine • 

0.1 mol 2-tert-butylaniline and 0.05 mol of a 1 -bromo.-2-butyl olefin are heated to carry 
out a reflux reaction for 10 h, left standing to cool ovehiight, and then poured into 200 mL water, 
the solution is alkalized with a sodium hydroxide solution, extracted with chloroform, and the 
pressure is reduced to a vacuum followed by distillation to obtain 5.35 g N-(2-methylethylene)- 
2-tert-butylaniline with a yield of 53%. 200 mL toluene are used as the solvent, 0.2 mol N- 
(2-methylethylene)-2-tert-butylaniline and 0.2 mol anhydrous zinc chloride are added, reflux is 
carried out in an argon atmosphere for 8 h. After cooling, the solution is poured irito a sodium 
hydroxide solution to alkalize it, the organic layer is separated, the insoluble substances at the 
bottom are dissolved in hot concemrated hydrochloric acid and then poured into the above ethyl 
ether extraction solution, dried with anhydrous magnesium sulfate, the pressure is reduced and it 
is concentrated under vacuum followed by distillation to obtain 24.89 g 4-(2-methylethylene)-2- 
tert-butylaniline with a yield of 61%. 

Application Example 12 Preparation of allyl aromatic amine 

0.12 mol 2,6-dimethylaniline and 0.06 mol 1 -bromo-2-pentadiene are heated to carry out 
a reflux reaction for 9 h, left standing to cool overnight, and then poured into 300 mL water. The 
solution is alkalized with a sodium hydroxide solution, extracted with chloroform, the pressure is 
reduced to a vacuum followed by distillation to obtain 3.72 g N-(2-ethylethylene)-2,6- 
dimethylaniline with a yield of 33%. 0.05 mol N-(2-ethylethylene)-2,6-dimethylaniline and 
0.05 mol anhydrous zinc chloride are added to 80 mL toluene are used as the solvent, reflux is 
carried out in an argon atmosphere for 7 h, and after cooling, the solution is poured into a sodium 
hydroxide solution to alkalize it, the organic layer is separated, the insoluble substances at the 
bottom are dissolved in hot concentrated hydrochloric acid and then poured into the above ethyl 
ether extraction solution, dried with anhydrous magnesium sulfate, the pressure is reduced and it 
is concentrated under vacuum followed by distillation to obtain 2.77 g 4-allyl hydrocarbon-2,6- 
diisopropylaniline with a yield of 29%. 
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Application Example 13 Preparation of ally! aromatic amine 

0.1 mol 2,6-diisopropylaniline and 0.05 mol 1 -bromo-2-heptene are heated to carry out a 
reflux reaction for 10 h, left standing to cool overnight, and then poured jmQ.300.mL water. The 
solution is alkalized with a sodium hydroxide solution and extracted with chloroform, the 
pressure is reduced to a vacuum followed by distillation to obtain 4.09 g N-(2-butyl ethylene)- 
2,6-diisopropylaniline with a yield of 30%. 0.05 mol N-(2-butyi ethylene)-2,6-diisopropylaniline 
and 0.05 mol anhydrous zinc chloride are added to 50 mL toluene as the solvent, reflux is canried 
out in an' argon atmosphere for 8 h, and after cooling, the solution is poured into a sodium 
hydroxide solution to alkalize it, the organic layer is separated, the insoluble substances at the 
bottom are dissolved in hot concentrated hydrochloric acid and then poured into the above ethyl 
ether extraction solution and dried with anhydrous magnesium sulfate, the pressure is reduced 
and it is concentrated under vacuum followed by distillation to obtain 3.44 g 4-(2-butyl allyl 
hydrocarbon)-2,6-diisopropylaniIine with a yield of 25%. 

Application Example 14 Preparation of o-hydroxylimide nitrogen and oxygen bidehtate ligand 

containing an olefin group 

In a nitrogen atmosphere, using 10 mL ethyl alcohol as the solvent and 2 drops of formic 
acid as the catalyst, a reaction is carried out between 20 mmol salicylaldehyde and 21 mol 
2-ethyleneaniline [sic; possibly 2-ethylaniline] at room temperature for 36 h, the mixture from 
the reaction is cooled, filtered, washed with cold ethyl alcohol, and dried under vacuum to obtain 
3.1 g of a yellow o-hydroxyl aromatic imide bidentate ligand C sHnNO with a yield of 70%. 

Application Example 15 Preparation of o-hydroxylimide nitrogen and oxygen bidentate ligand 

containing an olefin group 

In a nitrogen atmosphere, using 15 mL methyl alcohol as the solvent and 2 drops of 
formic acid as the catalyst, a reaction is carried out between 20 mmol 5-methyl-3-tert-butyl-2- 
salicylaldehyde and 21 mol 3-amino-4-methylaniline at room temperature for 36 h, the mixture 
from the reaction is cooled, filtered, washed with cold methyl alcohol, and dried under vacuum 
to obtain 4.4 g of a yellow o-hydroxyl aromatic imide bidentate ligand C20H25N6 with a yield of 
75%. 

Application Example 16 Preparation of o-hydroxylimide nitrogen and oxygen bidentate ligand 

containing an olefin group 

In a nitrogen atmosphere, using 10 mL methyl alcohol as the solvent and 3 drops of 
formic acid as the catalyst, a reaction is carried out between 20 mmol 3,5-dinitro-2- 
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salicylaldehyde and 21 mol 4-allyl-2,6-diisopropylaniline at room temperature for 40 h, the 
mixture from the reaction is cooled, filtered, washed with cold methyl alcohol, and dried under ■ 
vacuum to obtain 5.8 g of a yellow o-hydroxyl aromatic in)ide bidentate ligand C22H25N3O5 with 
a yield of 70%. . . . 

Application Example 17 Preparation of o-hydroxylimide nitrogen and oxygen bidentate ligand 
containing an olefin group . • . 

In a nitrogen atmosphere, using 20 mL ethyl alcohol as the solvent and 0.2 mL formic 
acid as the catalyst, a reflux reaction is carried out between 20 mmol 3-phenyl-2-s'alicylaldehyde 
and 21 mol 4-allyl hydrocarbon-2,6-dimethylaniline for 8 h, the mixture from the reaction is . 
cooled, filtered, washed with cold ethyl alcohol, and dried under vacuum to obtain 5.7 g of a 
yellow o-hydrpxyl aromatic imide bidentate ligand C24H23NO with a yield of 83%. 

Application Example 18 Preparation of o-hydroxylimide nitrogen and oxygen bidentate ligand 
containing an olefin group 

The operation is carried out as in Application Example 17, and a reflux reaction between 
20 mmol 3-phenyl-2-salicylaldehyde and 21 mol 4-allyl hydrocarbon-2,6-diisopropylaniline for 
8 h to obtain 6.5 g of a yellow o-hydroxyl aromatic imide bidentate ligand C26H27NO with a 
yield of 82%. 

Application Example 1 9 Preparation of o-hydroxylimide nitrogen and oxygen bidentate ligand 
containing an olefin group 

In a nitrogen atmosphere, using 20 mL methyl alcohol as the solvent and 0.2 mL formic 
acid as the catalyst, a reaction is carried out between 2.0 mmol 3-(9-anthroic)-2-salicylaldehyde 
and 2.1 mol 4-(2-ethyl) allyl hydrocarbon-2,6-diisopropylaniline at room temperature for 20 h, 
the mixture from the reaction is cooled, filtered, washed with cold methyl alcohol or ethyl 
alcohol, and dried under vacuum to obtain 8.7 g of a yellow o-hydroxyl aromatic imide bidentate 
ligand C35H35NO with a yield of 89%. 

Application Example 20 Preparation of catalyst component A 

In the absence of oxygen and water, 1 .5 mmol of the o-hydroxyl aromatic imide nitrogen 
and oxygen bidentate ligand C15H13NO obtained in Application Example 14 are dissolved in 
50 mL tetrahydrofuran, and the solution is added to 5.0 mmol sodium hydride to carry out a 
reaction for 4 h. Afterwards filtration is carried out and the solvent is removed under vacuum to 
obtain a ligand sodium salt. The sodium salt is then dissolved in a 30 mL benzene solution, 
gradually added dropwise to 50 mL of a benzene solution in which 1 .44 mmol trans- 
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[Ni(Ph)Cl(PPh3)2] are dissolved to carry out a reaction for 12 h, and then filtration is carried out, 
followed by concentration under vacuum to remove the solvent and drying to obtain 0J8 g of a 
powdery solid catalyst C45H43NOPNi with a yield of 74%. 

Application Example 21 Preparation of catalyst component A 

In the absence of oxygen and water, 1 .5 mmol of the o-hydroxyl aromatic imide nitrogen 
and oxygen bidentate ligand C26H27NO obtained in Application Example 18 are dissolved in 
50 mL tetrahydrofuran, and the solution is added to 5.0 mmol sodium hydride to carry out a 
reaction for 8 h. Filtration is then carried out, and the solvent is removed under vacuum to obtain 
a ligand sodium salt. The sodium salt is then dissolved in a 40 mL benzene solution, gradually 
added dropwise to 50 mL of a benzene solution in which 1.44 mmol trans-[Ni(Ph)Cl(PPh3)2] are 
dissolved to carry out a reaction for 1 2 h, and then filtration is carried out, followed by 
concentration under vacuum to remove the solvent and drying to obtain 0.84 g of a powdery 
solid catalyst C52H49NOPNi with a yield of 7 1 %. 

Application Example 22 Preparation of catalyst component A 

In the absence of oxygen and water, 1.5 mmol of the o-hydroxyl aromatic imide nitrogen 
and oxygen bidentate ligand C22H25N3O5 obtained in Application Example 16 are dissolved in 
50 mL tetrahydrofuran, and the solution is added to 5.0 mmol sodium hydride to carry out a 
reaction for 6 h. Afterwards filtration is carried out, and the solvent is removed under vacuum to 
obtain a ligand sodium salt. The sodium salt is dissolved in a 50 mL benzene solution, gradually 
added dropwise to 50 mL of a benzene solution in which 1 .44 mmol trans-[Ni(Ph)Cl(PPh3)2] are 
dissolved to carry out a reaction for 12 h, and then filtration is carried out, followed by 
concentration under vacuum to remove the solvent and drying to obtain 0.88 g of a powdery 
solid catalyst C45H4iN305PNi with a yield of 77%. 

Application Example 23 Preparation of the catalyst component A 

In the absence of oxygen and water, 1 .5 mmol of the o-hydroxyl aromatic imide nitrogen 
and oxygen bidentate ligand C35H35NO obtained in Application Example 19 are dissolved in 
50 mL tetrahydrofuran, and the solution is added to 5.0 mmol sodium hydride to carry out a 
reaction for 6 h. Filtration is carried out, and the solvent is removed under vacuum to obtain a 
ligand sodium salt. Then the sodium salt is dissolved in 40 mL of a benzene solution, gradually 
added dropwise to 50 mL of a benzene solution in which 1 .44 mmol trans-[Ni(Ph)Cl(PPh3)2] are 
dissolved to carry out a reaction for 1 2 h, and then filtration is carried out, followed by 
concentration under vacuum to remove the solvent and drying to obtain 0.94 g of a powder>' 
solid catalyst C65H59NOPNi with a yield of 65%. 
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Application Example 24 Ethylene polymerization ' . 

In the absence of oxygen and water, 120 mL toluenp and 65 jimol of the catalyst 
C52H49NOPNi obtained in Application Example 21 are added to a 500-mL glass reactor, and 
after the gas is purged three times, a polymerization reaction is carried out at room temperature 
and 4 atm of ethylene pressure for 1 h. A methyl alcohol solution containing 10% hydrochloric 
acid is used to terminate the reaction, the obtained polymer is filtered, washed with methyl 
alcohol three times, and then it is dried under vacuum at 40^C.for 24 h to obtain 10.9 g of 
polymer. The catalyst activity is 2.0 x 10^ g PE/(mol»Ni»h). 

Application Example 25 Ethylene polymerization ■ . 

The operation is carried out as in Application Example 24, except the polymerization 
reaction is carried out under 2 atm of ethylene pressure for 2 h to obtain 12.2 g of polymer. The 
catalyst activity is 0.9 x 10^ g PE/(mol*Ni»h). 

Application Example 26 Ethylene polymerization 

In the absence of oxygen and water, 120 mL toluene, 65 fimol of the catalyst 
C45H43NOPNi obtained in Application Example 20 and 130 ^mol Ni(COD)2 as an auxiliary 
catalyst are added to a 500-mL glass reactor, and after the gas is purged three times, a 
polymerization reaction is carried out at room temperature ^nd 7 atm of ethylene pressure for 
50 min. A methyl alcohol solution containing 10% hydrochloric acid is used to terminate the 
reaction, the obtained polymer is filtered, washed with methyl alcohol three times, and then it is 
dried under vacuum at 40°C for 24 h to obtain 14.6 g of polymer. The catalyst activity is 
2.1 X 10^gPE/(mol*Ni*h). 

Application Example 27 Ethylene polymerization 

In the absence of oxygen and water, 120 mL toluene and 33 jimol of the catalyst 
C52H49NOPNi obtained in Application Example 21 are added to a 500-mL glass reactor, and 
after the gas is purged three times, a polymerization reaction is carried out at room temperature 
and 3 atm of ethylene pressure for 1.5 h. A methyl alcohol solution containing 10% hydrochloric 
acid is used to terminate the reaction, the obtained polymer is filtered, washed with methyl 
alcohol three times, and then it is dried under vacuum at 40°C for 24 h to obtain 2.1 g of 
polymer. The catalyst activity is 0.45 x 10^ g PE/(mohNi»h). 
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Application Example 28 Ethylene polymerization 

In the absence of oxygen and water, 120 mL n-ethane and 10 ^imol of the catalyst 
C52H49NOPNi obtained in Application Example 21 are added to a 500-mL glass reactor, and 
after the gas is purged three times, a polymerization reaction is carried out at room temperature 
and 7 atm of ethylene pressure for 1 h. A methyl alcohol solution containing 10% hydrochloric 
acid is used to terminate the reaction, the obtained polymer is filtered, washed with methyl 
alcohol three times, and then it is dried under vacuum at 40®C for 24 h to obtain 2.3 g of 
polymer. The catalyst activity is 1.1 x 10^ g PE/(mol*Ni*h). 

Application Example 29 Ethylene polymerization 

In the absence of oxygen and water^ 120 mL toluene, 65 ^imol of the catalyst 
C45^3NOPNi obtained in Application Example 20 and 130 ^mol pentafluorophenyl borane 
[B(C6F5)3] as an auxiliary catalyst are added to a 500-mL glass reactor, and after the gas is 
purged three times, a polymerization reaction is carried out at room temperature and 7 atm of 
ethylene pressure for 50 min. A methyl alcohol solution containing 10% hydrochloric acid is 
used to terminate the reaction, the obtained polymer is filtered, washed with methyl alcohol three 
times, and then it is dried under vacuum at 40**C for 24 h to obtain 14.6 g of polymer. The 
catalyst activity is 2.0 x 1 0^ g PE/(mol*Ni^h). 
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0. 084 0^fP^7KiL4fc# 0. 1 Jijfj^, M.%H^TmM 5 /JnB!}-. i^ijl^M 

mn 4-mn^m-2. e--^mm^m 12. 92 ^. j^m^ 71%. 
««?!iii: mmmss^mi^ 
2-#Ts^iK 0. 1 m^^^ 0. 05 ji^ip^iiu 



m 10 ^m, i^^PiSc^a^. m\ 200 mnj^^, mM,m.itisfimmmit, . 
z.m^^, K^mmm'isn n-(2-¥s^^^s)-2-i#ts^k 5. 35 ^. 

J^m 53%, U 200 €^¥^^^^JiPA N-(2-¥S^il&S)-2-#Ta 
^IS 0. 2 Ji^lP^;^cSC^^ 0. 2 Ji^. E^n^TlHl«[ 8 ^M. J^iP^ 

^tS# 4-(2-¥SP5^$S)-2-#T«J^ 24. 89 61%. 

^2, 6-- ^s^is 0. 12 Jt^^p i-^-2-jS;^^& 0. 06.Jii^in«ilHl«i 

1^^, M^us-mmm ii-(2-z.mnMm-2,6--^m^m 3. 72 ^. 

j^^^ 33%. IJJl 80 $^¥*^^^JinA N-(2-Z.«^*^S)-2, 6-i:¥ 

S^JK 0.05 0 ^N^^;4ciC{tlf 0.05 m^s,M.H^n.TMM i ^m. 

jsummmm 4-m^^m-2, e-r.^mm^m 2. n 29%. 
^mm 13: 

^ 2. 6--:^^*^]^ 0. 1 m^s^ 1-^-2-^^ 0. 05 ^^iP^ilEl 

m 10 /hBt, ^^infiJcaas. ma 300 m^^A^, f^m.\k.^^mmc, 
z.wm^, %^w,mm'^n n-(2-t»m^«)-2,6-i:^ms^ik 
4.09 ^.r^m^ 30%, isJi 50 m^i^^^mmijf^A n-(2-ts^^^ 
«)-2, 6--:^m«^igc 0. 05 mfrs^^^n.itw 0. 05 mK M^nm 
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3. 44 i£. j^^:^ 25%. 

^Enn^T. 10 m^z^m^mm, 2 m^m^mitm, 20 mm 
m^m^^m^ 21 mm^s 36 ^m, s/s 

Mi&mi^ C,sH„NO 3. 1 3£. 70%, 

^ 5-^S-3-#T«-2-^S^¥^:^ 21 3-]K*-4-¥S^Z. 

^3, 5--mm-2-^m^^m^ 21 4-^^&ms-2, 6--:^m« 
$^^#jtfe4P^s^M]Ki^^i&52^ c^H^m 5. 8 rm^ 70%. 

^m^nmr, i^a 20 ^^z^^^^^j. 0. 2 ^5H-¥S?^#ifc^j. 20 

3-^S-2-^S^¥^-^ 21 4-^MSS-2, 6-- ¥S 

^F^nn^^Bm^Mmmmi&w^w c«h«no 5. 7 3£. 83%. 



m^m^mm 20 mm^>> 3-Mm-2-^m^^m^ 21 ^ij^^ 

3EKI«l>Ri2&B2# C«H27N0 6. 5 ^. J^^ mo 

m, 2. 0 mmfr^ 3- cq-mm) 2. 1 ^mfrs.A- (2-z, 

C^HasNO 8. 7 89%o 

^^7K^^^#T, 1. 5 S0^^Jfi^ 14 ^iiJW^^^^MK 
l<IEit^i&BS# C,5H.3N0 50 ^^^Hfii^iii, iPllJ 5. 0 

30 m^^^M'p , nnmjKimm'n 1. 44 $ 0 

trans-[Ni(Ph)Cl(PPh3)2]6<J50ml^^^g[4'. SiS 12 /hffif^jl?^, JtS 
^«t*ll^*^^PJ. ^ji^^&^>l^{itt.^J@<* C4sH«N0PNi 0.78 ^.j^^ 
74%. 

^Jl^j 21: mitm A 

^E5cxK^^^#T. 1.5 mm^-mmm is mfm^Bm^mm 
pku^Mii^mw CzeH^No mmf- 50 ^^hm'^i^, iniy 5. 0 ^0 

^ 40ml 4- . t§1f JiiP i'J^ W 1 . 44 trans-[Ni(Ph)Cl(PPh3)2] 

6«i50mi^^ys^. s,&i2 A^Hf^m, M^t^mm^mu 

^&^2i^#ifc^J@^C52H49NOPNi 0.84 71%o 



mnm^mmw c^wMmm'j' so m^mm^^m, mm s. o mm^s 
m=f- 50ml ^^^j t , itii^^irafij^ w 1.44 mmfTs 

trans-[Ni(Ph)Cl(PPh3)2 &«I 50ml ^^ygff . S.^ 12 ^jNBifBa^^, M± 

mm^^mm, Tmnis^^^mitmmw c45H4,N305PNi o.ss jg. 

77%. 

^^7^^m.my* 1.5 mm^^^mm 19 mm^^^^mj^iim 
mn.^mi^MW CsHasNo mm=f- 50 m^mM.^m, tm 5. 0 sjf^s. 

^ 50ml ^^^J+ , ffiffi JlSinilJ^W 1. 44 mm^s trans-[Ni(Ph)Cl(PPh3)2 

6ti50mi^^?g4'. 12 /jNBtjeiii^,, K^^m^^mm, ^mn 

nm^mitmmW CssHajNOPNi 0. 94 ^. 65%. 

. ^^^7K^#T, 500ml gi^&iSZ^Ig^'JPA 120ml 
^Jfi^21#iiJS<Jiftifc^jC52H49NOPNi65pmol, ^HE^HkB. Un 
^^?&iP 4atm6<)Z:,j$m:tlTil^ 1 ^hBto ffl-^ 10%&^fi<j¥^ 

24 /hBt, ^^IR-^i^ 10.9 ^.fi^t^^^ 2.0X10' g 
PE/(mol • Ni • hr), 

25 mm^ 

mi^m^mm 24. :^ 2atm fi<lZ,*|fii:^3Tlg'^ 2 /jNBt , ^^l?-^ 



^ 12. 2 i£, mit^m^ 0. 9 X 10' g PE/ (mol • Ni • hr) . 
26: Z^jlllg-^ 

^3EfL^;^^#T, 500ml l^J^&M^^j^X 120inl 
^Jfi^J 20 nrntfyBitM C45H43NOPNi eSjimol fP«jfi{fc^J 
Ni(C0D)2l30jimol, ^H^^XB, UW^^U^ latm ^Z^^Kti 

^ 14. 6 fg-Hs^^^tj 2. 1 X 10' g PE/(mol • Ni • hr) , 

^mm 27: 

^5E«.^zK^#T,^ 500iiil S^^^iS)te:+iPAl20ml ¥55^, 
^M^?ij21t#imfiik^JC52H49NOPNi33^mol. = 
^E^m^P 3atm fi<j2:.^fli;tlTI5'^ 1. 5 /JnB^, ffi-^ 10%aKa<l¥ 

M^Tjk 24 /jNBt, nm^^ 2.1 JSi.'fiit^^:^ 0.45X10'g 
PE/(mol -Ni -hr), 

^^fC^7K^#T, S 500ml ^^^.^m^iUX 120ml lEfi 
^, $M«^21^iiJfi<J<itti^P>JC52H49NOPNil0^mol, = 

^mmm^±&m,^Bjnm^^jtn, wmm^z^. ^T4o 

VM^=^m 24 /jNBif, ^Ig-^i^ 2.3 ^.mit^rn^ l.lXlO'g 
PE/(mol • Ni • hr)o 

S5E*L^;!K^#T, 500ml S^^S;Sl:tiPA 120ml 



[B(C6F5)3]130Mmol, ^H^d^B, U^tE^U^ 7 atm^ZsMS. tl 
^ 14. 6^, fi-H:^^^ 2. ox 10* g PE/(mol • Ni • hr) . 



